Methods: Their effects were examined on stimulation of glucose uptake by C2C12 cultured cell line, inhibitory effect on human recombinant Protein tyrosine phosphatase-1B (PTP-1B) and followed by the hypoglycaemic activity of extracts in Streptozotocin (STZ) induced diabetic rats.
Introduction
Type-2 diabetes mellitus (T2DM), a chronic and heterogeneous disease with diverse disorders, affect the metabolism of proteins, fat, and carbohydrates etc 1, 2 . Most prominent factors such as dyslipidemia, hyperglycemia, insulin resistance/impaired secretion and activation of proinflammatory mediators contribute rapid incidence and advancement of T2DM 3 and thus it is considered as one of the most recurrent lifestyle diseases 4 . T2DM is a non-communicable disease with leading causes of death worldwide due to associated long term side effects include ketoacidosis, hyperosmolarcoma accompanied with chronic disorders, retinopathy, renal failure, neuropathy, skin complications, as well as increasing cardiovascular risks [5] [6] [7] [8] . In fact, T2DM affects more than 200 million people worldwide which are expected to reach 642 million by 2024 based on a report presented by International Diabetes Federation (IDF) in 2015 9, 10 . Several hypoglycemic agents in the form of chemical formulations and synthetic compounds such as sulphonyl ureas, metformin and many others have been identified to provide a better treatment of T2DM but none of them have been found as a true antidiabetic agent without having any side effects [11] [12] [13] . Medicinal plants/herbs/foods are good sources of alternative or complementary medicines for the treatment of various diseases [14] [15] [16] . Based on World Health Organization (WHO) report, it is considered as approximately 75-80% of the world's population primarily depends on traditional formulations or medicine obtained from plant materials and products 17 . Herbal medicines are commonly prescribed throughout the world because of low side effects, easy availability, and reasonable cost and effectiveness parameters 18, 19 . In present study, three medicinal plants i.e., Melia azedarach (Family: Meliaceae), Zanthoxylum alatum (Family: Rutaceae), Tanacetum nubigenum (Family: Asteraceae) were taken to evaluate antidiabetic activity. These medicinal plants have been used in traditional systems of Indian medicine for treatment of various types of diseases and disorders.
Melia azedarach L., (MA) commonly known as Pride of India or Indian Lilac, is usually cultivated in Himalayan region of India, Pakistan, China, Burma, Bangladesh etc. 20 . The therapeutic uses of this plant are well documented in Ayurveda, Siddha and Unani System of Medicine 21 . Based on these systems, the rootbark &fruit are considered as astringent, tonic, antiperiodic, purgative, emollient and anthelmintic 22, 23 . The stembark is bitter, tonic, astringent, antiperiodic, vermifuge 24 . Leaf has discutient and anthelmintic action 25 . Seed Oil is stimulant, insecticide and antiseptic 26 . Many scientific literatures have been reported the various biological activities of MA including anticancer, antimalarial activity, analgesic, anti-inflammatory, anti-anthelmintic, antilithic, diuretic 27 , astringent and stomachic properties [28] [29] [30] . Zanthoxylum allatum, (ZA) commonly called as winged prickly ash or Timur or Toothache tree, is a small, aromatic and horny tree grows up to 3.5 meters in height and mainly found in Himalayan region of India, China, Japan, and Korea 31, 32 . It is used as an effective Ayurvedic herb for toothache treatment along with other numerous health benefits 33 . ZA has many traditional values to cure various body ailments and disorders related to digestion, circulation, immunity and skin. Fruit extracts are known to combat fever, dental problems, worms and dyspepsia because of antiseptic, deodorant and disinfectant properties. The bark of the tree is used for gums relief, asthma, diabetes and for snake bite 34 . On the basis of literature survey, various pharmacological activities of ZA in different parts have been reported as anti-inflammatory 35 , hepatoprotective 36, 37 , larvicidal 38 , antispasmodic, antidiarrheal, bronchodialator and in cardiovascular disorders 39 , antidysentric 40 , piscicide 41 , lousicidal potential 42 , cytotoxics 43 . Various part of ZA showed the presence of different types of active chemical constituents include essential oils, fatty acids, monoterpenes like linalool, limonene, flavonoids, flavonoids glycosides, volatile compounds like alkaloids, sterols, fatty acids, lignins, amino acids, aromatic compounds etc [44] [45] [46] [47] [48] . Tanacetum nubigenum DC (TN) (family: Asteraceae) is a small snow melts plant that wildy grows on rocky slopes, sandy ground in the 3600-4300 m elevation of the Kumaun and North-west Garhwal regions of the India 49 . TN is pleasant-smelling aromatic herb and thus used in preparation of incense and fragrant materials by the local inhabitant and in traditional medicines since ancient times. From this species, various pharmacological studies are reported as antifungal, anthelmintic, carminative, stimulant, antispasmodic, repellant and fumigant properties 50, 51 . Literature survey reveals that it has many types of compounds including essential oils, monoterpenes, sesquiterpenes and higher terpenoids 49 . In this article, we described the effect of ethanol extracts and fractions on PTP-1B enzyme inhibition as well as glucose uptake stimulation by C2C12 myotubes. Most active fractions were also assayed in STZ induced Sprague-Dawley rats model.
Methods

Chemical and Reagents
Streptozotocin, antibiotics (penicillin G, streptomycin, gentamycin, amphoterecin B), phosphate buffered saline, trypsin, Ethylene diamine tetra acetic acid (EDTA), insulin, were purchased from Sigma-Aldrich Chemical Company, St. Louis, USA. Metformin (standard drug) was a gift sample from Wokhardt Pvt. Ltd. Commercial reagents which are used in this study were of analytical grade. All solvents were distilled off prior use for extraction and fractionation process. 
Animals
Animals were procured from the animal colony of CSIRCentral Drug Research Institute, Lucknow, UP India. About 3-4 week old male Sprague Dawley rats with body weight 160 ± 20 g were procured.The present study was approved before start of experiment by the Animal Ethics Committee, Government of India constituted in 1964. All the rats were kept in animal housing facility by maintaining the standard conditions of optimum temperature (22 • C), relative humidity and a 12 h light/dark cycle with free access to diet and water unless stated otherwise. All rats were acclimatized for 4 days in laboratory conditions before start of experiment.
Preparation of ethanol extracts and fractions
After collection of plant materials, it was washed and dried at room temperature for 7 days and finely powdered in a grinding machine for ease of extraction. Ethanol as solvent was selected for extraction of plant material. Sample powders of each plant were soaked in ethanol (5.0 L) in a percolator. Percolation process was repeated up to three to five times till the plant material was extracted completely. The total extracts was collected, filtered and concentrated under vacuum using rotavapor at 40-45 0 C and weighed. Crude ethanol extract was dissolved in distilled water (500 ml) and then successively partitioned (5 times each) with n-hexane, chloroform, and n-butanol in separating funnel. Each fraction was collected, dried, and stored at 4 • C and named as hexane, chloroform and n-butanol fractions respectively. Aqueous fraction (water soluble) was also concentrated under vacuum at 50-60 0 C.
Cell culture of C2C12 myotubes
C2C12 myotubes were cultured in DMEM containing 10% fetal bovine serum (FBS), penicillin(120 units/ml), streptomycin (75 g/ml), gentamycin (160 g/ml) and amphotericin B (3 g/ml). Cells were incubated in CO 2 Incubator in humid environment with 5% CO 2. On 70% confluency the cell media was replaced from 10% FBS containing DMEM media with 2% FBS containing DMEM media for cellular differentiation and cells were kept for another 4-6 days in incubator.
Measurement of 2-deoxy-D-[1-3 H] glucose
C2C12 myotubeswere grown in 24 well culture plates as described above. After differentiation cells were subjected to glucose uptake with some modification as reported in earlier studies 52 . In Brief C2C12 myotubes were incubated with 10 and 20 g/ml concentration of plant extracts/fractions for 24 h after that 4 h in serum deprived medium further a sub-set of cells were stimulated with 100 nM insulin for 20 min. 
Protein Tyrosine Phosphatase-1B (PTP-1B) inhibition assay
PTP-1B inhibition assay was done using colorimetric, nonradioactive PTP-1B drug discovery kit (BML-AK 822, Enzo Life Sciences, USA) according to the manufacturer instructions 53 .
In brief plant fractions were incubated with human recombinant PTP-1B enzyme at different concentration in 96 well flat bottomed microtiter plates. After adding the substrate to each well Plates were incubated at 30 • C for 30 min. On termination of reaction released phosphate was determined by the addition of 25 l of biomol red reagent. The final concentration of DMSO used to dissolve the plant fractions in the test well (1.0%) had no demonstrable effect on PTP-1B enzyme activity. All the plant fractions were tested at five different concentrations as 10, 20, 30, 50 and 100 M (Tables 1 and 2) . PTP-1B phosphatase acts on the phosphopeptide substrate and releases phosphate group. The activity of PTP-1B was measured in terms of released free phosphate. After adding biomol red to reaction wells, plate was kept for next 20 min to develop the color. On completion of incubation absorbance was measured at 620 nm on a microplate reader. PTP-1B enzyme inhibition was calculated as percent inhibition of PTP1B activity in the control tube (without inhibitor) as 100%. Formula used to calculate activity was as-% Inhibition= (OD in control well -OD in Test well)/OD in control well*100
Streptozotocin (STZ)-induced diabetes
STZ was dissolved in Citrate buffer (0.1 M) and injected intraperitoneally in overnight fasted 80 Sprague-Dawley albino rats of body weight 160 ± 20 g at the dose of 60 mg/kg body weight. After 48 h of injection fasting blood glucose level of animals was measured from cut tail vain using glucometer (Accu-Chek). Animals showing fasting blood glucose level between 300-450 mg/dl were considered as diabetic and further divided into desired experimental groups containing 
Cell Cytotoxicity assay
The cytotoxicity of samples was evaluated in MTT assay on RAW 264.7 (mouse macrophage cells). The RAW 264.7 cells were seeded onto a 96-well plate at a density of 1.0 × 10 4 cells per well in DMEM containing 10%Fetal Bovine serum and incubated at 37 o C. At approximately 70% of confluence cells were treated with various compounds at different concentrations from 200 g/ml to 12.5 g/ml. After additional 24 h incubation at 37 o C, 100 L of MTT (0.5 mg/mL in PBS) was added to the wells and incubated for another 3 h. After incubation cell media was removed and cells were fixed by adding methanol to each well. Then after removing the methanol 200 L DMSO was added to each well to solubilize the color compound. The resulting color was assayed at 540 nm using a micro plate spectrophotometer (Molecular Devices). Cell viability is proportion to color intensity of MTT assay. Results are calculated by using following formula asCell Viability(%) = A sample − A blank A control − A blank
Statistical analysis
Data was analyzed on Graph Pad Prism 5 software and the results are expressed as mean ± SD. Unpaired Student's t-test was used for analyzing the data between two groups and one-way ANOVA followed by Dunnett test (used for multiple comparisons) was used for more than two groups Values were considered statistically significant at p < 0.05, p < 0.001 and p < 0.0001.
Results
Effect of crude extracts and their fractions on glucose uptake by C2Cl2 cells
The present study shows that ethanol extract of MA twigs (MATE), butanol extract of MA twigs (MATB), butanol extract of ZA leaves (ZALB), ethanol extract of TN leaves (TNLE) and butanol extract of TN leaves (TNLB) increase the glucose uptake by 19.7%, 23.4%, 17.8%, 61.2% and 41.2% respectively at 10 g/ml concentration as shown in Table 2 .
Effect of crude extracts and their fractions on PTP-1B activity
The effect of crude extracts and fractions were studied for PTP-1B inhibitory activity at five different concentrations, i.e. 10, 20, 30, 50 and 100 g/ml concentrations. In this paper, we are reporting inhibitory activity only at three concentrations 10, 20 and 30 g/ml which are summarized in Table 2 . MATB, ZALB, TNLE, TNLB and chloroform fraction of TN leaves (TNLC) exhibited significant inhibition of PTP-1B at 57.6%, 61.9%, 60.7%, 59.6% and 53.4% inhibition, respectively at 10 g/ml concentration, whereas at 20 g/ml concentration, they showed significant inhibition of 72.0%, 70.9%, 71.3.3%, 58.1% and 57.7% inhibition respectively ( Table 2) . 
The effect of ethanol extracts on the blood glucose level of STZ induced Sprague-Dawley rats
A pool of ␤-cell destruction in STZ-induced diabetic rats results into severe insulin deficiency followed by elevation in fasting blood glucose level beyond the normal value. All the animals were treated with ethanol extracts as listed in Table 1 . Results show moderate to low antihyperglycemic activity in blood glucose AUC in single dose animal experiments except significant lowering with ethanolic extract of MA and TN. The most significant effect as hyperglycemia was found only in MATE tune of 14.8% (p < 0.01) whereas in TNLE it was observed in 15.5% (p < 0.01) during 5 h study. Moreover, metformin (standard drug) caused 27.8% (p < 0.01) lowering of blood glucose in the same time of experiment. After 24 hours of the experiment decrease in hyperglycemia was found only in MATE tune of 15.8% (p < 0.01) whereas in TNLE it was observed in 10.8% (p < 0.05) whereas metformin lowered down 26.8% (p < 0.01) blood glucose in similar manner (Figs. 1-3 ).
Effect of n-butanol, chloroform and hexane fractions on the blood glucose level of STZ induced Sprague-Dawley rats
The effect of various plant fractions was tested for their antihyperglycemic activity in a single dose experiment on STZ induced diabetic rats as stated in experimental design. It is evident from the results that when diabetic rats were treated with plant fractions MATB, ZALB and TNLB. All treated groups were also observed for lowering in blood glucose level, among them most significant decrease in hyperglycemia was found only in MATB and TNLB samples which were observed as 17.9% (p < 0.01) and 21.3% (p < 0.01) respectively during 5 h study. After 24 hours of the experiment MATB treated animals showed a decrease of 20.8% and TNLB treated animals showed 22.1%, respectively whereas metformin was found to show 26.8% (p < 0.01) lowering of blood glucose in the same manner (Figs. 4-6 ). . AUC values are presented as mean ± SD and significance was calculated as comparison to control group. ** p < 0.001.
Fig. 3 -Effect of butanol fraction of Melia azaderach twigs (MATB), butanol extract of Zanthoxylum alatum leaves (ZELB)
and Tanacetum nubigenum leaves (TNLB) on 18 h fasted STZ-induced diabetic rats over a period of 24 h comparing with the standard anti-diabetic drugs (metformin).
Effect of extract and fractions on cell cytotoxicity
Additionally, the cytotoxicity profile of extracts and fractions was also evaluated in MTT assay on RAW 264.7 (mouse macrophage cells). All the extracts and fraction were found to have non toxic nature as shown in Table 3 .
Discussion
All prepared extracts and fractions were evaluated for their in vitro as well as in vivo hypoglycaemic activities via inhibition of PTP-1B enzyme activity, stimulation of glucose uptake by C2C12 as well as improvement in blood glucose profile in STZ induced Sprague-Dawley rats as compared to the standard metformin, a hypoglycaemic drug in order to validate their betic agents and side effects associated with synthetic drug regimes prompt us to search out newer antidiabetic agents from natural resources. This study sketches out the antidiabetic potential of three medicinal plants from Himalyan region of India. Extensive literature survey and preliminary phytochemical analysis showed the presence of polyphenol, phenolic acid, flavonoids, triterpenoids, phytosterols and anthraquinones in different parts of these plants. Polyphenols including flavonoids are act as free radical scavengers to improve the life status in the diabetic patients by lowers down the chronic hyperglycemia and oxidative stress 54 . The antidiabetic activity in plants may be attributed to the presence of phenolic and flavonoid compounds. In our study, the butanol fractions of selected plant species generally have been found more active than other fractions, indicating that compounds having antidiabetic activity are polar in nature which established the significant correlations of polyphenolic and flavonoids to lower down the diabetic effect. We have previously observed that isolated compounds from Melia azedarach leaves and fruits showed a potent antidiabetic activity. Ethanol extract prepared from Melia azedarach leaves and fruits showed 40.7 and 55.9% inhibition of PTP-1B enzyme at 10 g/ml concentration. Furthermore, chloroform fraction of fruits and butanol fraction of leaves were found to inhibit PTP-1B enzyme by 50.2% and 65.5% at the same 10 g/ml concentration, respectively 55 . Therefore this prompted us to study the different part of plants for anti-diabetic potential. To this, we selected the twig part of this plant and found significant results where MATE and its MATB fraction showed the inhibition of PTP-1B enzyme by 28.9% and 57.6% at 10 g/ml concentration respectively. Additionally, they enhanced 19.7% and 23.7% stimulation of glucose uptake by C2Cl2 muscle cells. Leaves extract of ZA exhibited a weak reduction in blood glucose via inhibition of PTP-1B enzyme as well as glucose uptake stimulation. ZALB was found as significant active and inhibited in-vitro PTP-1B enzyme activity up to 57.7% at 10 g/ml concentrations whereas it stimulated C2C12 muscle cells by 17.8% at 10 g/ml concentration. There is no report was found on antidiabetic potential of this plant. Therefore it was also selected under this study. Ethanol extract of leaves of TN was found to stimulate the glucose uptake in C2Cl2 muscle cells by 61.2% at 10 g/ml dose as well as it also inhibited the PTP-1B activity up to 60.7% at the same concentration. Among the tested fractions, TNLB was most active and enhance the 41.2% stimulation of glucose uptake in similar C2C12 muscle cells. It also showed the 59.0% inhibition of PTP-1B enzyme activity at 10 g/ml concentration. Among all extracts and fractions, only MATE and TNLE samples reduce blood glucose in STZtreated rats. MATE lowers down blood glucose by tune of 14.8% (p < 0.01) whereas MATB showed reduction of blood sugar in same rats up to 17.9% (p < 0.01) during 5 h study. In addition, TNLE, when administered orally in STZ-induced diabetic rats during 5 h study, produced 15.5% (p < 0.01) dose-dependent reduction of blood glucose. After 24 h of study, TNLE reduced only 10.8% (p < 0.05) blood glucose in similar animal model which was very low with compare to standard drug metformin (Figs. 1-6 ).
In conclusion, our study revealed that the extract and fractions of selected plant species have the potential to inhibit PTP-1B activity and to stimulate the glucose uptake by C2C12 myotubes. Most active fractions viz MATE and TNLE exhibited significant lowering of blood sugar in STZ STZ induced Sprague-Dawley rats. Among them, Melia azedarach twigs and Tanacetum nubigenum leaves extract possess strong in-vitro as well as in-vivo antidiabetic effects which may be responsible for their hypoglycemic property. Furthermore, pharmacological and chemical investigations are under process to find out the active constituents responsible for antidiabetic activity and to elucidate its mode of action.
